Honeybee workers (Apis mellifera) were tested in a metabolic bioassay for their response to the odours of semiochemicals of low volatility from the mandibular glands of queens and of chemically related compounds. (E)-9-oxodec-2-enoic acid, the queen substance (9-ODA) provided the most active volatile signal of the queen's mandibular gland secretions. Three other compounds tested did not release stronger reactions than related compounds not present in the queen signal. The workers reaction to 9-ODA is as a result of olfaction and not of contact perception. The volatile signal of live queens released stronger reactions from the workers than mandibular gland extracts. Semiochemicals from sources other than the mandibular gland secretions seem to be responsible for this phenomenon.
INTRODUCTION
The fatty acid secretions of the mandibular glands of the queens are of striking importance for the regulation of behaviour and physiology in honeybees (Apis mellifera L.). Though (E) 9-oxo-2-decenoic acid (9-ODA) is believed to be the major active compound of the semiochemicals secreted in the mandibular glands (BUTLER and F AIREY , 1964) , a considerable number of other acids has been described with increasing accuracy of chemical analysis (PAIN et al. , 1960 ; C REWE , 1982 ; S AIOVICI , 1983) .
Since most of these fatty acids are of low volatility, they are believed to operate within the hive as contact semiochemicals rather than as classical pheromones. S EELEY (1979) , V ELTHUIS (1972) and F ERGUSON and FREE (1980) have suggested that the queen signal is distributed by messenger workers within the hive rather than on the basis of its volatility. However, outside the hive, 9-ODA has repeatedly been shown to release behaviour as a result of its presence in the vapour phase. It attracts drones at mating congregation areas (G ARY , 1962 ; BUTLER, 1971 ; R UTTNER , 1972) and it is crucial for the orientation of honeybees during swarming (Avt TASILE et al. , 1975 ; BocH and MORSE, 1979) . Some compounds in the mandibular gland secretions, are much more volatile than 9-ODA and might also be potential semiochemicals which could operate as airborne signals. These compounds, with a higher volatility than 9-ODA, might release odour mediated behaviour in workers more effectively than 9-ODA itself.
In the present paper we study in a metabolic bioassay, previously used to quantify the reaction to alarm pheromones (S OUTHWICK and M ORITZ , 1985 ; § M ORITZ et al., 1985) how worker bees react to the odours of queens, mandibular gland extracts, the fatty acids of the mandibular glands and chemically related compounds.
MATERIALS AND METHODS

Metabolic bio-assay
Groups of 50 honeybee workers (A. mellifera scutellata), at least seven days old, from a queenless colony were placed in ventilated airtight containers (250 ml, flow rate 250 ml/min) in the dark with candy ad libitum. In a flow through system previously described in detail (M OR iTz and S OUTHWICK , 1986) the oxygen concentration of the dried air which had passed over the worker group to be tested, was measured with an Ametek S3-AII oxygen analyzer. Before the air entered the bee container it passed through one of two small 10 ml flasks in which the odour sources could be placed (Fig. 1) . A T-valve allowed for switching between the two flasks and thus made differential testing between various odour sources possible. This set up allowed us to determine whether bees were able to discriminate between the compounds presented in the odour flasks.
Synthetic compounds
In order to determine whether bees are able to perceive the fatty acids in question, natural and chemically similar compounds were first tested at high concentrations. Fig. 2 shows a typical chromatogram of a queen tested in our experiments, with all the known compounds identified. The following four compounds, naturally appearing in the mandibular gland secretions, were used : 
RESULTS
Response to synthetic compounds The test groups responded to all compounds presented and were able to discriminate these from fresh air. The test groups generally increased their metabolic activity after being exposed to the odour (Fig. 3) . The reaction to 9-ODA was stronger than to any other synthetic compound tested (Tabl. 1). An analysis of variance among the reactions to the various compounds including 9-ODA reveals a highly significant effect of the compound on the reaction (F = 2.5, p < 0.05). If the 9-ODA data is excluded from the analysis, there is no significant effect of the compound on the reaction of the test groups (F = 1, not significant). Thus the other compounds of the mandibular gland secretions tested, did not elicit stronger reactions than the chemically similar synthetic compounds that are not synthesized by the bees.
Reactions to queens, gland extracts and physiological amounts of synthetic compounds
The test groups responded most strongly (33.1 ± 3.2 wl 0,/bee/min) when they were exposed to the odour of living queens. Physiological amounts (queen equivalents) of 9-ODA (400 wg) or M-4-HB (50 wg) elicited significantly smaller reactions than mandibular gland extracts (Tabl. 2). The test groups never responded to physiological doses of 10-HDA (50 wg) or 2-4-H-3-MPE (50 !Lg) -In another set of experiments the bees were tested while being constantly exposed to a queen equivalent of 9-ODA instead of fresh air (Tabl. 3). Again the bees responded strongly to the odour of queens or mandibular gland extracts, but only weakly to queen equivalents of M-4-HB or similar amounts of 4-HB. An analysis of variance reveals significant effects of the compound on the group reaction (F = 8.9, p < 0.001).
Reactions to samples in the test container
The test groups responded as strongly to 9-ODA samples placed directly in the test container (19.2 ± 4.4 p l /bee/min) as to samples placed in the odour flasks (18.5 ± 7.5 wl/bee/min ; t = 0.08, n.s.). If the bees were constantly exposed to 9-ODA, the reaction to 9-ODA treated cover slips was not significantly stronger than to untreated cover slips. When live queens were introduced directly into the test group, the metabolic reaction was about twice as strong as that to the queen's odor alone. Even in the presence of 9-ODA, the introduction of a queen into the group elicited a strong reaction. The test groups did not respond to the introduction of workers of the same colony (Tabl. 4).
DISCUSSION
In the present study we have shown that worker bees are able to perceive the odours of compounds of low volatility secreted by the queen's mandibular glands and compounds chemically related to them. The reaction to 9-ODA is strikingly different from that of the other compounds tested. Only 9-ODA released a reaction similar to that of the odour of queens or mandibular gland extracts. Since the test bees were in an enclosed environment this shows that 9-ODA, in spite of its low volatility, may act as a volatile semiochemical cue in this context as well as during swarming or mating. The other compounds that were not particularly active in our bioassay could be distributed by messenger workers (S EELEY , 1979) and perceived by contact perception. Such a mechanism has also been suggested by V ERHEIJEN -V OOGD (1959) and V ELTHUIS (1972, 1985) .
Though the bees reacted strongly to 9-ODA samples, our results show that there is more to a queen's mandibular glands signal than just 9-ODA. The responses to the odours of mandibular gland extracts in the presence of equivalent amounts of 9-ODA clearly confirm this. Which of the components of the mandibular gland secretion are important semiochemicals remains unclear since many of the compounds were not available for testing in this study. Apparently neither 10-HDA nor 2-4-H-3-MPE seem to be of major importance for the metabolic reaction to mandibular gland extracts, since the bees did not respond to these compounds in the presence of 9-ODA. M-4-HB might be a good candidate, particularly in the light of its relatively high volatility (see chromatogram in Fig. 2 Queens placed directly into a queenless group of workers elcit a much stronger reaction than the presentation of just the queen's odours (M ORITZ and S OUTHWICK , 1986) . However it is difficult to conclude from this phenomenon, whether it results from a simple dose effect or true contact perception. Our results indicate that 9-ODA, is not involved in this phenomenon, since reactions to 9-ODA samples were similar when presented within the test container or in the odour flask. 9-ODA, in spite of its low volatility, seems to be mainly effective as an olfactory semiochemical in the metabolic bioassay. Our results confirm that it seems to be the most powerful semiochemical of the bouquet of the queens mandibular gland secretion.
